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ABSTRACT ARTICLE HISTORY

As significant contributors to CO,, UK homes must be decarbon- Received 28 April 2023
ized. Active Homes represent a possible route to addressing both Accepted 23 December
societal concerns and policy ambitions, while providing comfort- 2024

able high quality living environments. However, changes to the KEYWORDS

material structure of homes have potential implications for peo- Health and wellbeing;
ple’s ability to live well within them. Our qualitative longitudinal low carbon; home;
(QL) research as part of the living well in low carbon homes proj- values; neighbourhood

ect unpacks how changes brought about by living within an Active design; smart home
Home are experienced by residents, including to self-reported

health and wellbeing. We explore how living in an Active Home

may challenge expectations of home, including embodied experi-

ences of comfort and intrinsic values of privacy and control. We

suggest that it is important to recognize that these different but

interwoven elements impact upon residents’ sense of home, and

health and wellbeing, which has implications for future innovative

low carbon homes.

Introduction

The UK Government target of net zero carbon emissions by 2050 requires decar-
bonization across all sectors (CCC, 2022). As nearly 80% of the carbon dioxide
emitted from buildings in the UK is from residential buildings, the decarbonization
of homes is essential (CCC, 2022). Alongside decarbonization, changes to homes
may offer opportunities to address other pressing social issues, such as improvements
to health, representing potential co-benefits (Willand et al., 2019). Health has been
defined as a ‘state of complete physical, mental, and social wellbeing and not merely
the absence of disease or infirmity’ (WHO, 1995). However, this definition has been
critiqued as unobtainable, with more recent conceptualizations of health as a complex
adaptive system and dynamic state (Lovell, 2018). Associated with health is the
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concept of wellbeing, understood as the state of being comfortable, healthy or happy,
including life satisfaction (Creaney et al., 2021). Relatedly, ‘quality of life’ is a term
which is used to describe the influence of all aspects of an individual’s life, which
can include their health, on how they feel (Lovell, 2018:5). These interrelated con-
cepts have been drawn on in existing research concerning buildings, with residential
satisfaction recognized as one aspect affecting quality of life (Wang & Wang, 2016).
Thus to understand how transformation of homes through decarbonization impacts
upon residents’ ability to live well, consideration should be given to how residents
perceive their quality of life, which might encompass, but not be restricted to phys-
ical, mental, and social health and wellbeing at different points in time.

Connections are well established between indoor environments and building
occupants’ health and wellbeing (Rolf et al., 2020). Research has highlighted how
architecture influences mood, habits, and attitudes, as well as how different aspects,
such as lighting and ventilation, contribute to resident experiences of comfort and
satisfaction (Wage et al., 2016; Ellsworth-Krebbs et al., 2019). Conversely, poor
construction or maintenance of building structures (Gibson et al., 2011; WHO,
2018), indoor air quality (Lowther et al., 2019), lighting and acoustics, can all con-
tribute to ‘sick (Murphy, 2006:2), ‘diseaseogenic’ buildings (Rice, 2019:156). Cold
indoor temperatures and poor indoor air quality are linked to higher levels of
asthma, increased blood pressure, respiratory conditions and spread of communicable
illnesses and disease, as well as poor mental health (WHO, 2018; Rice, 2019; Sharpe
et al.,, 2022; Willand et al., 2015). Recent crises, such as the Covid-19 pandemic,
have increased attention on the healthiness of indoor environments. Therefore,
innovations to the home that alter the indoor environment are an important focus
of research attention.

While the connection between material environments and resident health and
wellbeing is important, attention must also be paid to ‘less tangible’ (Rolf et al.,
2020:2) elements of home. Recognizing house as home means considering material
infrastructures and technologies as well as the values, meaning and expectations
associated with home (Després, 1991; Rolf et al., 2020). Attention has been drawn
to the way in which terms such as housing, household, home, house, domestic and
dwelling appear to be used interchangeably, yet meanings of and distinctions between
these concepts warrant greater attention in energy scholarship (Ellsworth-Krebbs
et al., 2015). Whilst building or house may refer to the physical structure, notions
of home are linked to important social aspects such as comfort, identity, security,
and privacy (Ellsworth-Krebs et al., 2015), as well as routines and perceived
non-negotiable psychosocial norms associated with home-life (Gibson et al., 2011;
Shirani et al., 2020). These interrelated aspects may contribute to feeling ‘at home,
an important aspect of wellbeing (Wago et al., 2016). A sense of home or ‘at-homeness’
(Seamon, 1979:70) involves the integration of the body (daily routines), self (identity
and values), and the material environment. For example, Ohlén et al. (2014) indicate
how feeling at-home and health and wellbeing are both states of being and expe-
riential processes involving encounters between the body, self and material environ-
ment, with general meanings of being safe, connected and centred are related to
at-homeness. Housing design that impact processes of connection between body,
self, and environment may also disrupt the sensed experience of at-homeness and
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health and wellbeing (Ohlén et al., 2014; Wiége et al., 2016). Thus, in exploring
experiences of health and wellbeing at home, it is important to consider the material
environment and how home is expected to be lived in and valued, as well as how
these interplay through the lived and embodied experience of households. In this
article, we explore resident experiences of moving to new build Active Homes,
designed to be energy efficient, capable of producing and storing energy, focusing
on the impact of these homes regarding health and wellbeing. In order to situate
our work within the research landscape, we first consider existing work on innovative
home developments.

Innovative home developments

There is a need to develop housing solutions that can address multiple societal
concerns for climate change, economic and energy crises, and population health and
wellbeing. Several innovative sustainable building conceptualizations and certification
schemes aim to address these different issues (O’Sullivan et al., 2020). For example,
biophilic buildings aim to enhance the health and wellbeing of occupants by increas-
ing nature in urban and built environments leading to more frequent human-nature
interaction (Xue et al., 2019). Access to nature and green spaces has long been
recognised as holding health and wellbeing benefits, fostering a sense of community
and place, facilitating neighbourly familiarity, and affecting feelings of security and
safety (Mel & Whitten, 2021; Xue et al., 2019). Attention is increasingly paid to
incorporating green spaces in new housing developments (Gibson et al., 2011; Wage
et al., 2016; Wang & Wang, 2016) to enable a sense of community and place, well-
being and quality of life. A different home concept, smart homes, incorporate infor-
mation technology to enable efficient use of resources within a home, and between
a home and wider infrastructural systems. Smart homes are positioned as a means
of addressing climate change while also providing energy efficient, comfortable, and
healthy homes (Fabi et al, 2017). Smart homes may hold health and wellbeing
benefits, for example, through supporting independent living or streamlining daily
activities and services. However, smart home control and operation alters residents’
autonomy and control over their private space (Creaney et al., 2021; Hansen &
Hauge, 2017). These changes can affect feelings of control and privacy (Despres,
1991), and lead to concerns around access to personal data security and privacy
(Fabi et al., 2017), holding potentially adverse wellbeing outcomes (Hansen & Hague,
2017). Fell (2021) has considered tensions between occupant expectations and the
commercial interests of heat system operators in externally controlled heating systems,
noting how locating some control with residents in the form of override options,
appears to be important in contributing to resident satisfaction with such systems.

Finally, other building concepts place emphasis on building energy demand
and associated CO, emissions, and how this can be reduced. For example,
Passivhaus building design, emphasises ‘in-situ’ energy efficiency properties such
as thermal insulation and natural ventilation to reduce energy demand required
for residents to achieve thermal comfort (Wéage et al., 2016). Net-zero buildings
(NZEBs), whether focused on net zero CO, emissions or energy consumption,
incorporate renewable energy production with building structure efficiency to
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offset energy consumed and/or CO, emitted during the buildings life span
(D’Agostino & Mazzarella 2019). Technically, Active Homes hold similarities to
that of Passivhaus and NZEBs, for example, incorporating energy efficient build-
ing structure and integration of renewable energy production. However, Active
Homes also integrate energy storage and vehicle charging technology. Together
with incorporation of smart energy technologies, Active Homes can trade energy
with other Active Buildings, or system-scale energy networks, providing energy
system flexibility. The realization of Active Homes involves new configurations
of building design and materials, energy technologies, digital energy systems and
controls that are often different to past experiences of housing and energy, which
might affect resident health and wellbeing.

New low carbon or retrofitted homes often involve different heating systems
and research has explored how residents experience these in relation to their
competencies with existing heating technologies (Madsen et al., 2023). Heating
is particularly relevant to discussions of homes and health as energy efficiency
interventions can lead to improved warmth, with benefits for both physical and
mental health, although fuel costs remain an important consideration (Willand
et al., 2015). Studies have indicated that residents may struggle to achieve ther-
mal comfort as they adjust to heating systems that operate over longer periods,
at lower temperatures, or without material elements, such as radiators, that
residents were used to Madsen (2018). Madsen (2018) has also critiqued the
focus on specific quantifications of thermal comfort achieved through
energy-efficient technologies that presuppose rational behaviour by residents.
These critiques suggest that such measurable aspects do not adequately reflect
what makes residents feel comfortable as this lacks holistic understanding of
residential wellbeing (Wage et al., 2016). Previous work has illustrated the sig-
nificance of heating in accounts of caring for vulnerable family members as a
non-negotiable aspect of energy use (Shirani et al., 2020), or how window opening
can be important in achieving ventilation of indoor spaces associated with a
healthy home, as well as enabling connections to nature and care for children
(Wago et al., 2016). Ellsworth-Krebs et al. (2019) found that participants in their
study of home comfort used relaxation as a synonym for comfort, highlighting
that there is more to being comfortable at home than temperature. Instead, they
describe comfort as ‘the state of relaxation and wellbeing that results from com-
panionship and control to manage the home as desired’ (pg. 202). Similarly,
Waége et al. (2016) suggest that wellbeing in the home is dependent on a variety
of elements, including usability, possibilities for resident control, and the degree
to which residents’ expectations for their homes are fulfilled.

Alongside new heating systems, active home developments include energy pro-
duction technologies, such as solar panels, enabling households to both produce
and consume their own energy (Stikvoort et al., 2020), changing the role of house-
holds in the energy system from consumers to ‘prosumers’ (Ellsworth-Krebs & Reid,
2016). Some also include ground source heat pumps, arguably a form of heat pro-
sumption (Ellsworth-Krebs & Reid, 2016). Studies of microgeneration (small-scale
electricity or heat production, for example from residential solar panels or ground
source heat pumps) have shown residents changing their behaviour to consume as



HOUSING STUDIES (&) 5

much as possible of their own electricity (Palm et al., 2018). This may go beyond
financial motivations to reduce cost or overall consumption, recognising instead
how prosumption may give a different use value to energy; for example, residents’
sense of satisfaction from using energy produced by their own home’s resources
(Ellsworth-Krebs & Reid, 2016). Existing research has indicated differences in house-
holder engagement with solar panels, with those who have opted to install solar
panels on existing homes more engaged than those moving into new homes where
PV was included (Winther et al., 2018). Such differences indicate the need to con-
sider the particular experiences of those moving into newly built homes with a
range of technologies included.

Active Homes are an innovative conceptualization of low carbon housing that
alter the materiality of home. This may also have implications for how homes are
valued, understood, and lived in, which in turn can hold intended and unintended
outcomes for residents’ health and wellbeing. While such changes can ‘be highly
positive for health, they may also ‘generate new and unforeseen health risks (WHO,
2011:3, see also, Rolf et al., 2020; Sharpe et al., 2022; Willand et al., 2019). Thus,
despite the ambition for Active Homes to hold multiple benefits, including for health
and wellbeing (O’Sullivan et al., 2022), such outcomes are not guaranteed. The
interplay between material housing conditions, a sense of home and resident health
and wellbeing has been explored and measured in a range of ways including through
self-reported surveys (Wang & Wang, 2016; Willand et al., 2019), combinations of
self-reported surveys and post-occupancy interviews (Rolf et al., 2020) or household
qualitative open-ended interviews (Ellsworth-Krebbs et al., 2019). A number of
studies have indicated the importance of a qualitative approach to understanding
the experiences of occupants. For example, in the process of low carbon retrofit
(Chiu et al. 2014), with energy neutral homes and technologies (van der Grijp et al.,
2019), and to elucidate a perspective from before, during and later stages of living
with new heating systems (Madsen et al., 2023). These studies also note the ‘dearth’
of such insights (Chiu et al., 2014) in existing research. Drawing on findings from
qualitative longitudinal (QL) research with Active Home residents in South Wales,
UK, this paper addresses an identified need for studies that consider the experiences
of low carbon home residents (Berry et al., 2014). We take an overarching view of
the interrelated changes brought about by moving to an Active Home and how these
are negotiated by residents (Berry et al., 2014) with a particular focus on self-reported
health and wellbeing.

Methods and materials

The data presented in this article were collected as part of the Living Well in Low
Carbon Homes (LWLCH) research project, which explored the lived experience of
active homes, developed in Wales, UK between 2019 and 2022. LWLCH was part
of the Active Building Centre Research Programme, which aimed to demonstrate
how the UK construction and energy sectors may decarbonize through the deploy-
ment of Active Buildings. The realization of Active Homes involves potential trans-
formations of energy and building infrastructures, the roles and responsibilities of
energy companies and residents, the emergence of new energy agents, as well as
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Table 1. Case sites.

Case Development size and No.

site No. tenure Key characteristics and relationship to health and wellbeing participants

1 >150 homes (2 bed + Aim to provide resident thermal comfort and low energy costs 17
flats to 4 bed houses) via energy management service (direct load control) managing
Owner-occupied with resident energy production, demand and storage

some shared

Energy and hot water resident management App

ownership. + Customer experience team and helpline pre- and
post-occupation
+ Neighbourhood community green space
2 <20 homes (1 bed flats « Aim to provide resident thermal comfort and low energy costs 1
to 4 bed houses) via combination of energy efficient built design, thermal gains,
Social rent and and energy production and storage

owner-occupied.

Modular wood construction, materials from local supply chain
Non-Volatile Organic Compound (VOC) paints

Air quality sensors to alert residents when un/healthy levels of
indoor air pollutants, or humidity reached

Planned community allotment

3 <20 homes (1 bed flats « Aim to provide resident thermal comfort and low energy costs 9
to 3 bed houses) via combination of energy efficient built design, retention and
Social rent. recycling of thermal waste (MVHR and transpired solar

collectors), and energy production and storage

Transpired solar collector

Solar PV film roofs

Mechanical Ventilation with Heat Recovery (MVHR) to improve
air quality

Community green space and preservation of existing mature
trees

changing energy policy and regulations. Such changes mean that in the UK, real-life
examples of Active Homes are currently limited to small-scale demonstrator devel-
opments (O’Sullivan et al., 2020). There are a number of Active Home developments
completed or underway in Wales, partly down to financial support via the Welsh
Government’s Innovative Housing Programme (Welsh Government, 2020), which
makes case sites in Wales relevant for research attention. In this article, we focus
on three case sites, outlined in Table 1. The sites vary in their locations, stakeholder
composition, and primary ambitions, in addition to the material design, configura-
tions of energy technologies, digital capacity and governance, and resident tenure
(O’Sullivan et al., 2022). Common to all our case site developments is the inclusion
of solar energy production, battery storage, high levels of insulation, and electric
heating.

The project design included stakeholder and expert interviews, exploring their
performance ambitions for the homes and how they imagine future residents may
live within the homes, which have been discussed in our previous publications
(Shirani et al., 2022a,b,c). This article focuses on QL resident interviews, carried
out with Active Home residents once within the month prior to moving into their
new Active Home, and then twice within the first year, at approximately 3 and
12 months post-occupancy, to provide a detailed and dynamic picture of Active
Home living. Interviewing participants over the course of a year enabled us to cover
experiences over different seasons, weather conditions and related energy generation
and demand changes, which had implications for thermal comfort and perceptions
of light and airiness.

Information about the research was distributed to all future residents of our
case sites, either by housing officers or sales teams. Individuals were invited to
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contact the research team if they were interested in taking part and 37 residents
participated. Due to the Covid-19 pandemic, most interviews were conducted
remotely by members of the research team using video conferencing software
or telephone, with some later interviews conducted in-person. All interviews
were audio recorded and transcribed verbatim, then transcripts were coded
thematically using NVivo software. We adopted an iterative coding process, using
both a priori and inductive codes. Coding was carried out by multiple research
team members, with regular discussions to ensure coding compatibility. In this
article, we include discussion of data coded thematically under ‘health and
wellbeing. Questions relating to health and wellbeing were included in each
interview phase, in order to elucidate any change over time, thus data included
specific responses to these questions. In final interviews, participants were also
asked directly about quality of life. Given the identified connections between
wellbeing and notions of control, security, comfort and privacy, data coded under
these themes are also explored. We present extracts from different waves of
interviews where relevant discussions emerged, alongside extracts from the same
participants at different time points, showing how aspects of health and wellbeing
were discussed across their first year of Active Home residence. Participants
have been assigned pseudonyms to maintain anonymity, which we use for data
extracts below, alongside the case site number they resided in. Given coherence
between expectations and experience is important for residents’ wellbeing (Wago
et al., 2016), we begin by considering pre-occupancy expectations, before pre-
senting post-occupancy experiences in relation to a range of themes.

Results
Expectations of a healthy home

Participants described a range of motivations for moving to an Active Home
development, which varied according to their individual circumstances (Shirani
et al., 2022c). The Active features of the home were an important part of many
people’s decision to move, aligning with individuals’ views on sustainability and
addressing climate change concerns. However, for some, it was simply a case of
finding a house in the right location and budget. The majority of participants
expressed expectations that high levels of insulation and energy generation tech-
nologies would result in reduced energy bills. For some participants, the decision
to move to an Active Home was explicitly discussed in relation to expected
improvements in health and wellbeing. A small number of participants had, or
lived with household members who had, ongoing health conditions or limited
mobility, with conditions expected to worsen over time. For these participants, a
newly built modern home was expected to make life easier in the present through
offering contemporary standards of accessibility and comfort, whilst the Active
features also contributed to expectations that the homes would be ‘a place that’s
future proofed as well to a certain extent’ (Ian, 2). Other participants who had
experienced, or lived with household members who had, respiratory issues, expected
that ‘moving into clean air’ (Leah, 3) would lead to health improvements. As Janet
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explains, living in an old hard to heat property had led to health issues, which
she expected to improve on moving to an Active Home:

Well, when they come, she said, “No wonder your breathings bad,” she said, “Why
haven’'t you got the heating in there?” She said, “It's so damp and cold in this place”
Do you know what, I had the heating on last night, right, and I still sat here and I
shivered ... I think it’s going to be a lot better and I'm sure it’s going to help me
health-wise as well. (Janet, 2)

The move to an Active Home was expected to provide affordable thermal comfort,
which, as Amy indicates in her pre-occupancy interview, was also expected to
improve mental health and wellbeing:

I mean, both of us have been really suffering over the winters being here, and it’s just
not pleasant being freezing cold at night, and waking up freezing cold ... So we are
just really hoping that we can have a warm house. That’s one of the main reasons that
were excited about it, because it really does get you down ... You know, you lose all
motivation to move, because its too bloody cold to do anything .... So, yeah, I'll
definitely be more active because I'll actually be able to go out in the garden and stuff.
I'm very excited about that. (Amy, 2)

Prior to moving, several participants did not have access to gardens and, the
move to an Active Home with private garden space was something that they felt
would lead to improvements in everyday life.

I do believe it’s going to bring me benefits of feeling secure so I can deeply relax and
feel warm and safe and cosy ... and to have my own garden is going to be amazing
... I think it’s going to bring me tremendous benefits of relaxation and I think, there-
fore, my creativity, my health, everything will really just be able to flow from there.
(Julie, 2)

These pre-occupancy responses highlight a range of expected health and wellbeing
benefits that participants across the sample expected from a move to an Active
Home. Including interrelated issues of improved accessibility, air quality, affordable
warmth, and improved physical and mental health through secure accommodation
and access to green spaces. In the remainder of the article, we focus on post-occupancy
experiences, exploring whether coherence between expectations and residential expe-
rience, important for wellbeing, were achieved.

Layout, light, and air

Post-occupancy, participants were overwhelmingly positive about the layout and
finish of their homes, this was commented on regardless of the season in which
their interviews took place. For participants with mobility issues, or who were carers
for other household members, the accessible layout and convenience of their new
home was felt to contribute to significant improvements in their everyday lives. One
participant described his life as ‘500% better’ and another as ‘the best thing we've
done’ For some participants who themselves, or family members, were reliant on
wheelchairs or mobility scooters, they spoke of increased privacy, autonomy, and
freedom that resulted from the move.
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Across all case sites, a number of participants expressed positivity about how
spacious and well thought-out their homes were. Several participants described
internal spaces as ‘light’ and ‘airy, which had a positive impact on their ‘mood’ as
Amy describes below. Revisiting Amy during the summer, a few months
post-occupancy, she indicated that there are multiple elements of her Active Home
that have had a positive impact on her everyday life. This illustrates how some
participants found it difficult to disentangle the experiences of these non-active
aspects of their new home from the active aspects such as ‘heat

There’s a lot of things I like about it, I don’t know if I can pick one thing in particular,
but I like how, how light it is in here. Because, and obviously the heat, but again, I've
always lived in really dark, dingy houses. So to actually have a bright house, that, it,
it makes a huge difference to your mood. (Amy, 2)

After living in cold rented properties for some time, and having spent a winter
in her new home, Amy described having a warm home as a “big relief”. Aside
from benefits to comfort and energy savings, Amy spoke of other ‘therapeutic’
benefits:

It makes a big difference, you know, not, sort of, spending my days tryna, keep warm,
or, like I said, I really like growing plants. I've got a lot of houseplants, and I've never
really been able to successfully do that in the other house. And, you know, a lot of
people will agree that like growing things, and having plants in the house, it’s quite
therapeutic. And to, so to be able to do something like that, that I enjoy doing is, is
really nice as well. (Amy, 2)

Amy had found the home to be efficient, meaning she was no longer so conscious
of her energy use and switching off appliances as she had been in her previous
house due to concerns about cost. She described how this aspect in particular ‘made
a huge difference to my, just general sort of state of mind.

Post-occupancy, most participants were positive about air quality in their Active
Home, describing perceived health improvements. These were particularly noticeable
for participants like Rose, who had moved from older properties:

I think the air quality feels nice here. The other thing I have noticed actually is that
I had real kind of nasal problems in the old house, and that feels like it's completely
cleared up in this house. And I think it was probably to do with mould, or damp, or
something in the old house that’s just not an issue here. (Rose, 2)

Air quality was a particular point of discussion at case site 3, which had mechan-
ical ventilation with heat recovery (MVHR). Some described how having filtered
air was reassuring, giving “peace of mind” or leading to perceived health improve-
ments in respiratory conditions:

Since I've lived here, I haven’t had a cold. So it must be something to do with
the clean air, that’s the only thing I can put it down with. And my mum suffers
with COPD. And when she’s really ill, she comes here because she knows that she’s
going to get better within 24 hours, that’s what she says, I've got a magic home.
(Shannon, 3)
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However, others described the MVHR as unnecessary, preferring instead to open
windows for ventilation. As residents were unable to completely shut off the MVHR
system, some described challenges with the cold air emitted perceived to be working
against the heating system, leading to greater energy use and cost:

So youre spending all that money on the electricity to try and warm the house up.
But yeah, you've got that cold air blowing into the ceiling. (Kevin, 3)

For participants like Kevin, where the home’s technologies did not appear to be
aligned with one another this led to challenges in achieving thermal comfort, with
concerns about cost and control, which we consider below.

Comfort, cost and control

Across the case sites, the energy technology configurations and high insulation
envelopes of the homes mean that heating systems work at lower temperature set-
tings and over longer time periods than more conventional gas or oil central heating.
Many participants spoke of challenges acclimatizing to this, experiencing periods
of discomfort as they established a new heating routine. For some, being unsure
of how and when to operate their heating system affected their perceptions of
control and autonomy, with several describing frustration with the new systems. In
struggling to achieve comfortable temperatures, some participants then experienced
concerns related to their energy use and cost. To regain control over their thermal
comfort, some spoke of using free-standing plug-in heaters, or self-rationing and
layering:

So what happens is, is that we just put on the dressing gown, the socks, the big furry
slippers, the throws over the settee. That’s what we do. It’s not the way I want to live
. we shouldn’t have to live like this in an eco-home. (Helen, 3)

However, some participants described how additional layering was not a feasible
approach for their household, often because of caring for young children or house-
hold members with pre-existing health concerns, where achieving comfortable room
temperatures was important for practices of care (Shirani et al, 2022b). In these
cases, higher than anticipated bills were expressed as being outside of their control,
and adversely impacting mental health (Willand et al., 2015).

Whilst thermal comfort remained a concern for a minority of participants, most
described the houses as warm and expressed a sense that they were well-insulated
and retained heat well. For some like Emma in her initial post-occupancy interview,
even though she had not yet experienced a winter in the home, prior feelings of
anxiety and dread as winter approached were alleviated:

I'm not worried about winter. Which I think every year previously, it was, sort of, a
bit of a dread going into winter cos you knew it was gonna be really cold. And it’s
always that, sort of, battle of trying to manage how cold you wanna be versus how
much you wanna spend on your energy bills. (Emma, 2)

Further interviews with participants like Emma after experiencing a winter in
their homes revealed that in most cases homes had been warm, meeting pre-occupancy
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expectations. However, this was not a universal experience and some had ongoing
issues with achieving thermal comfort.

Those participants who were experiencing lower bills since moving to their
Active Home described this as particularly fortuitous in light of the energy crisis
and significant price increases, which occurred during the course of our research.
When we revisited Emma for her second post-occupancy interview, low bills fea-
tured prominently in her discussion of aspects of the house that made her
feel happy:

I think being in, in a nice house, kind of, just makes you feel happy, and all the bills
and things are a lot less than what I was paying previously. So obviously, you know,
financial stress and things like that haven’t been, haven’t been bad at all. [later] No,
it’s really good, especially at the moment with the energy prices going up so high, to
know that you’re not having to, sort of, choose between whether you wanna put the
heating on or, you know, other things. (Emma, 2)

Residents’ understanding of how the different technologies in their energy system
worked together and how they should be managed day to day, varied between
households and case sites. Across the case sites, several participants spoke of want-
ing to gain a holistic understanding of how their homes worked in order to manage
their energy autonomously. Without this information, some described how the
ability to adjust their daily routines to maximize financial and carbon benefits were
limited:

You really have no insight into the workings of the house, you have no idea what’s
going on here. We have absolutely no idea how much energy we’re using. There’s no
way of telling. Until you get the bill. And that’s a bit too late. (Christian, 1)

All case sites have ongoing technical data monitoring of at least some of the
homes” performance outputs. At case site 1 this is carried out by the energy service
provider as a part of their energy management operations, and by third party orga-
nizations at case site 2 and 3. At case site 2, some participants spoke of being
unaware of and ‘uncomfortable’ (Louise, 2) with the technical monitoring, which
also involved remote access to the energy display monitors in their home. Unexpected
remote access to the private space of participants’ homes without household consent
could affect feelings of control and privacy. Others across the case sites felt that the
disparity in control between residents and housing developers or energy service
providers was problematic:

The house kind of just runs itself now. But there’s like a lot of stuff that you can’t
change on here, but [the energy service] can their end. And the same if anything goes
wrong, they can do so much their end that we can't do, and I hate that, yeah, just
hate it. I hate relinquishing control, and they have the control, and I don’t like it.
(Natalie, 1)

Here, Natalie’s description of how the house ‘just runs itself” relates to the ambi-
tions some developers described in relation to external control of the Active Home
as preferable because it removed the burden of managing their energy system from
residents (Shirani et al., 2022a). However, several participants found this lack of
control problematic, indicating a discrepancy with the developers’ aims (see also
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Fell, 2021). Whilst some participants expressed concern about the ‘big brother’ aspect
of their Active Home set-up, others were more sanguine:

It is a big brother installation, there’s no doubt about it, the people at [energy service]
can see exactly when we take a shower, when we cook, what temperature we set our
house to, and when we turn the lights on and off, and they can check absolutely
everything ... it hasn't bothered me all that much, probably because I trust that com-
pany here. It’s not like Facebook that sells everything to the highest bidder. But it is
a concern. Yeah. I don’t see any way around it. What would you do? I mean, once
you have an electronic control on your, on your house, I mean, somebody can see the
data. (Christian, 1)

Participant responses also highlight how important relationships between residents
and housing developers or energy service providers are. At case site 2 residents
described being uninformed about data monitoring or remote access, while at case
site 1, more information and continued customer support (due to the energy man-
agement service) meant residents like Christian were aware of monitoring arrange-
ments. As per Rolf et al. (2020:14), establishing positive relationships between residents
and those who are responsible for delivering ‘housing service satisfaction’ can ‘under-
pin [households’] sense of control, autonomy and safety, with positive impacts on
their wellbeing”. Therefore, while data monitoring was perceived by some as an
infringement of their control and privacy, explanation of the purpose of such mon-
itoring, and experiences of other beneficial outcomes (such as fault fixing) meant
the majority of participants expressed neutrality or positivity about the monitoring
arrangements, although some suggested that they would like feedback from this
process. Across the case sites, the mix of technologies comprising the energy systems,
along with data monitoring, require a significant level of electrical wiring and Wi-Fi
capacity, which raised health concerns for several participants, as we consider below.

Technology and emissions

For some participants, technologies in the home raised concerns for both immediate
and longer-term health and wellbeing impacts. In her pre-occupancy interview (see
pg7), Julie envisaged her Active Home leading to health and wellbeing benefits.
However, post-occupancy she expressed concern about the potential impact of the
technologies in her home:

So for me, this is not an eco-home in terms of human health, it's an eco-home in
terms of passive solar power, brilliant. It’s lovely that the, you've got all this light, that
you've got all this insulation, that it’s, it’s built with local timber and non-toxic paints
and, and adhesives. So that’s all wonderful, but if youre creating an environment like
that, that’s full of harmful technology, then it’s not, it'’s not eco in terms of the human
beings living in here. (Julie, 2)

Others like Andrea spoke of perceived risks that could result from the installation
of novel technologies in a domestic setting:

I did ask the question whether, is that safe? Does it give off any kind of like not
radiation, but you know what I mean ... Because you’re living in that, you know?
Because they say people that live under electricity pylons, I don’t know how true it
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is, but there’s a bigger incidences of cancer etcetera, you know? So by storing energy
in a house, are you actually putting people’s health at risk? (Andrea, 1)

However, these perceptions were not universal, with some participants feeling
that the homes were too low-tech and did not offer the level of control they had
anticipated. Others indicated that the level of technology was appropriate and were
satisfied with how the different technologies could work together, to reduce cost
and carbon. Indeed, some participants described how their Active Home was helping
them to live in a low carbon way, reducing feelings of ‘pressure’ and ‘stress’ involved
with achieving lifestyles that aligned with their own personal and social identity
(Wage et al., 2016):

Because I know the house does most of it for me, it’s kind of relaxing, really, to know
that and not have to stress about it because the battery and everything and getting
renewable energy and stuff like that. (Josh, 1)

In some of the homes in our study, residents had little choice over the mate-
rials used (such as flooring and paint). Aligning with established literature around
indoor air quality and banal pollutants (Murphy, 2006; Rice, 2019), there was
concern amongst a small number of participants that developer choices to include
materials perceived to leach chemicals would adversely affect their health and
wellbeing:

We have underfloor heating, they didn’t let us choose the flooring, and they put vinyl.
And T understand it’s plastic, when it’s heated, it releases chemicals. I know there is a
basic temperature limit. But I mean, I don’t think that was a good choice, in an envi-
ronmentally friendly house. And I really don’t trust what kind of paint. I mean, it’s a
budget house, and I understand eco paint is expensive, but they could have asked us
to pay more to, you know, there are things, little things that make, made me nervous.
It remains to be seen if that’s going to be healthy or not. (Francesca, 1)

Post-occupancy, some participants spoke of ‘ripping out’ flooring due to concerns
about health and environmental impacts. This led to comments about the wasteful-
ness of having to change something brand new, which was also perceived to con-
tradict the ethos of sustainable living that they associated with an ‘eco home’ (Shirani
et al., 2022b).

Beyond the home

Outside the homes, both communal and private green spaces were viewed as import-
ant by participants. Cul-de-sac or crescent shaped neighbourhood layouts were valued
for enabling a sense of security, or to communicate more easily in passing with
neighbours. In line with architectural studies of cul-de-sac street design (e.g. Cozens
& Hillier, 2008), participants suggested this layout facilitated neighbourly familiarity
and affected their sense of security and safety:

You do feel like because of the crescent your house feels like in a bubble. It feels...
quite close to everybody else. So, it feels nice that if anything happened, like if you
ever had a burglar, you feel like because of the way it’s designed, somebody would see
it, and somebody would be able to like support you or whatever. (Ben, 1)
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Whilst the overlooked nature of public spaces in these designs were seen by some
as enhancing security, it also inhibited use of the public spaces for leisure or rec-
reational activities. The design of cul-de-sacs raises questions about walkability and
accessibility (Cozens & Hillier, 2008), yet our participants did not raise this as an
issue, instead highlighting how the broader site location was more relevant to trans-
port decisions and to discussions of health and wellbeing. For example, participants
at site 3, able to access to a range of amenities, such as shops, employment, or
other transport links, discussed their location positively. For some, the location had
resulted in significant changes and perceived improvements in mental and physi-
cal health:

It's made such a difference to our, our lives, completely.... Being central in town means
that we got access to far more than we had before, so now we can actually go out,
we don’t need to use the car so much. Now it’s healthier, you know, now that we are
out of a place which was full of damp, and this one is so much clearer, cleaner. [later]
We're actually, less depressed, I think, you know, to be honest, that feeling of being
stuck and isolated, has, is totally lifted because there’s just more accessibility to things.
(Leah, 3)

Enabling ‘visual and sensory’ connections to nature in new housing develop-
ments is broadly recognized as an important element of ‘housing quality’ (Wége
et al., 2016:327) and something designed-in to all our case sites. However, in
all instances, public green spaces were the last areas to be completed, were scaled
back or did not resemble what had been envisaged. Several participants expressed
disappointment about this, especially at case site 2 where the inclusion of such
space had resonated with expectations of a garden village neighbourhood pre-
sented by the developer. As with the interiors discussed above, for some, the
outside spaces did not reflect the sustainable ethos of the homes. For example,
returning to Amy, who had initially been enthused at the prospect of personal
and communal outdoor space, post-occupancy she expressed disappointment
with how this had been realized:

Even though this is considered a garden village, the, the whole point of this was that
it's a shared community garden space, and also individual gardens. None of us have
got outside taps. So, were all really struggling to keep the gardens going. And that’s
one of the things I mentioned that we're all a bit disappointed by. (Amy, 2)

Others spoke of how outdoor spaces and the connections to nature they enabled
were valued for affective outcomes on mood and sense of wellbeing, experiencing
‘calmness’ and feeling ‘peaceful’:

It is just peaceful. With the area. And you know life now is just sitting in my
garden now and there’s a little squirrel running across the fence. [Laughter]. You
know it’s great, and the house itself is, it’s just so lovely. There’s such a good feel
about it. (Lisa, 3)

These experiences highlight the importance of looking beyond the home itself to
include broader considerations of community and location in reflecting on impli-
cations for health and wellbeing.
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The whole package

Thus far, we have highlighted a number of different features that participants
described making a difference to their health and wellbeing. Whilst some, such as
layout and location, are not specific to Active Homes, others, such as filtered air
through MVHR systems, thermal efficiency and reduced energy costs through pro-
sumption, relate directly. Our research suggests that the interrelationships between
these various elements are important to understanding resident experience of life
in an Active Home. When asked what they liked best about living in an Active
Home, many struggled to identify one element, instead emphasizing the importance
of the ‘whole package’ (Pippa, 2) or the ‘combination of things (Ian, 2), including
home design, technology, community and location:

I think it's a whole ensemble of things really. So, if you were going to do it as a pie
chart, then you've got the community, there’s, it’s all sort of interlinked together. They’ve
all got, their own bigger part, they all meld into each other in the little rings in the
centre. So it's a whole thing, the community, the economical, green aspect of it, the
fact that our lives are extensionally better for living here. (Neil, 3)

Whilst in many cases this combination was seen to be working successfully,
contradictions between different elements caused challenges. For example, when the
MVHR system at case site 3 was perceived to be working against the heating, or
when materials used at case sites 1 and 2 were felt to contradict the ethos of a
sustainable ‘eco home. Whilst individual technologies such as solar PV and heat
pumps might be established, it is the bringing together of a number of elements in
an Active Home that is novel and perceived to support residents values, which is
relevant for further research into potential impacts for residents:

I don’'t have to worry about it as much ... But it’s like especially with the electric car,
like the heating, the solar panels, the house, because it's more efficient, even if some-
times some of the other bits slip a little bit, I'm still doing something ... So yeah, I
think it’s a lot, like it’s nice because it takes the pressure off. (Sophie, 1)

Many participants perceived Active Homes as an inevitable direction for future
housing and expressed pride at being ‘pioneering’ or ‘trailblazing’ in being some of
the first UK residents of these homes. However, some emphasized the need for
better understanding of how Active Homes operate and are experienced because
‘people’s lives really can majorly be affected’ (Helen, 3).

Discussion

Our research findings highlight how residents described Active Homes as impacting
health and wellbeing in a number of different, but interconnected ways. Several
material elements of the homes, including the quality of the build, absence of damp
and mould, and accessibility held impacts for perceptions of health and wellbeing.
Beyond the homes themselves, neighbourhood designs were important, contributing
to sense of community, belonging and safety, with green spaces also valued for their
‘therapeutic’ qualities, uplifting residents’ mood (Wage et al., 2016), in addition to
achieving several values associated with home, such as autonomy, privacy, security,
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safe-haven and relationships (Ohlén et al., 2014). Arguably such features may be
considered expectations of modern new-build homes and not just Active Homes.
However, in line with established literature, these features are recognized as influ-
encing resident experiences of home (Wage et al., 2016; Ellsworth-Krebbs et al.,
2019) and health and wellbeing (WHO, 2018; Lowther et al, 2019; Rice, 2019;
Sharpe et al., 2022; Willand et al., 2015) and can be improved or compromised
through the installation of interventions to address climate change (WHO, 2011).
As our research demonstrates, participants described how the home is experienced
holistically in relation to health and wellbeing, highlighting the importance of
exploring the ‘whole package’

Many participants expressed how the low carbon features were a motivation for moving
to an Active Home, enabling them to live well while also taking steps to address climate
change. In this way Active Homes and the way of life they were expected to enable
connected to participants’ personal beliefs and identities (Winther et al., 2018). In several
instances, the material configuration of their Active Home contradicted these expectations
affecting participants health and wellbeing. For some, moving into an Active Home was
expected to enable further low carbon or sustainable daily routines associated with energy
prosumption, but due to lack of information, there was confusion as to how to do this
most effectively. Relatedly, some participants also expressed uncertainty around the oper-
ation of heating systems. Research has shown that household engagement with energy
technologies through, for example, prosumption can provide a sense of satisfaction
(Ellsworth-Krebs & Reid, 2016; Winther et al., 2018). However, our findings elucidate
how inability to effectively operate heating systems or to engage in prosumption can
impact sense of identity, control and autonomy (Creaney et al., 2021). Furthermore, while
low energy costs experienced by a number of participants were connected with feelings
of reassurance and security (Mitchell et al, 2022; Willand et al., 2015), higher than
anticipated costs had the opposite impact. At case sites 1 and 3, concern about high
energy costs led some participants to compromise their comfort, wellbeing and health
through energy rationing. Indeed, for some, the ontological security of their home was
questioned (Rolf et al., 2020).

Other material aspects of the home were also raised as working against expectations
of an Active Home, holding similar outcomes for participants’ health and wellbeing. At
case site 2, high technology levels, along with non-completion of public green spaces,
was felt by some to contradict the garden village framing of the home design. At case
site 3, framed as low carbon and low energy cost, some perceived that air ventilation
technology worked against heating systems, wasting energy and increasing energy costs.
At case site 1 synthetic, unsustainable materials used in the finish of the homes caused
concern for some around VOC release. This finding supports research by van der Grijp
et al. (2019) where residents commented on contradictions in their low energy home
designs, suggesting developers chose minimal rather than optimal solutions. Whilst par-
ticipants recognized cost constraints as a relevant concern for developers in choosing
materials, finishes and technologies, they suggested that greater choice for residents,
reflected in different pricing options, could potentially avoid the waste inherent in replac-
ing items post-occupancy, which was counter to expectations of Active Homes.

Finally, lack of clarity about monitoring arrangements meant some participants
experienced this as an infringement of household privacy (Fabi et al., 2017) causing
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unease and concern, and impacting a sense of home as a private place (Creaney
et al., 2021). Interestingly at case site 1 less concern over monitoring or external
control was expressed by participants despite the developer having remote control
over the homes™ energy systems in addition to data monitoring. Instead, many par-
ticipants here perceived benefits and reassurance around fault identification, that
the organizations involved were trustworthy and further, that feelings of pressure
and stress in managing their energy systems to be low carbon were alleviated.
However, even when residents were unconcerned with data monitoring and expressed
having positive relationships with their housing services providers, some remained
frustrated that they were unable to access the same level of data or exert the same
level of control over their energy system as those monitoring their data (Hansen &
Hauge, 2017). This finding has implications for developer assumptions that external
monitoring and control is preferable and alleviates residents of the burden of energy
management, as for most it appears conditional upon the building of trust and
access to accurate information and assistance post-occupancy.

Conclusion

Our research has addressed an identified need for understanding the experiences of
low carbon home residents (Berry et al., 2014), showing how Active Homes can hold
positive outcomes for residents” health and wellbeing. Participants have described how
the production and storage of energy in affordable, efficient, and well-designed homes
can alleviate feelings of pressure and stress. Conversely, Active Homes may also high-
light new and unintended health risks (WHO, 2011), which centre around new and
novel digital-technological configurations within the homes. Our research advances
knowledge around health risks associated with climate change mitigation in housing,
which has previously identified issues of equality in accessing reduced energy costs
and security of supply associated with prosumption, or air-quality risks associated
with increased thermal insulation and air-tight building envelopes (WHO, 2011). In
particular, questions around the health impacts of various technologies and materials,
alongside residents” sense of control, highlight the importance of considering not only
which low carbon interventions are installed, but how they interplay with other mate-
rial and psycho-social aspects of home and what formal and informal governance
systems develop around their operation, management and maintenance. It also high-
lights the importance of fully understanding and making explicit how such interven-
tions may need to be supported by greater levels of information technology than in
conventional homes. Our research demonstrates residents’ desire to know more about
how their homes work, and a willingness to work with the homes to achieve optimum
performances. This holds relevance to industry, in particular, low carbon housing
designers, architects, developers, and those involved with maintaining technologies
and providing landlord management to homes. All stakeholders must be clear on their
own and residents’ roles in managing energy (demand, production and consumption)
and in operating domestic energy technologies; and the energy or other related data
required for monitoring or managing energy services. This information should be
shared with prospective residents prior to making decisions on whether to move into
an Active Home.



18 K. O'SULLIVAN ET AL.

Whilst some participants spoke directly of impacts to their physical and mental
health, others referred to improved mood, sense of calm, peace, relaxation, happiness,
or, conversely, feelings of stress or pressure. This highlights the importance of a
detailed view of resident experiences, which can elucidate how these sensed aspects
contribute to resident satisfaction, wellbeing and quality of life. We find that a sense
of at homeness, and indeed, household health and wellbeing are not gained from
single elements of a home. Instead, they are made through interconnections between
residents, the values, and expectations of home life they hold, and how this is
realized through everyday experiences in the material environment of home. By
looking at this ‘whole package’ of experience we can see how these multiple aspects
are crucial to understanding how a healthy and well life may be lived in an Active
Home. We also highlight how new iterations of Active Homes must take into con-
sideration not only how the materiality of a home environment may impact residents’
health and wellbeing, but how residents are able to emotionally connect with the
home and create a sense of at-homeness. This means the material environment,
including new and novel technologies, and modes of management and operation,
should not infringe on the intrinsic ‘less tangible’ values expected from home-life
or non-negotiable psycho-social routines and norms. This includes enabling positive
sensorial experiences such as, being at ease and feeling emotional and physiological
warmth (Mitchell et al., 2022); the realization of expected values and ontological
security associated with household security, control and autonomy (Rolf et al., 2020;
Wago et al., 2016; Willand et al., 2015); and the formation of positive relationships
(Despres, 1991) with others, nature, activities, and place (Ohlén et al., 2014).
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